The growth and composition of the neonatal pig is of interest because of potential impact on subsequent growth and finally, composition at market weight. The purpose of this study was to compare at weaning the growth and body composition of the largest and smallest pigs from each of 38 litters. At weaning (27±1.7 d) the largest (9.3±1.1 kg) and smallest (6.2±1.5 kg) pigs were selected for body composition measurement by dual energy X-ray absorptiometry (DXA). The body composition of the largest pigs consisted of 38 % more fat, 32 % more lean, and 29 % more bone mineral content (P<0.001). However, when expressed as a percentage of body weight, there was no difference in the fat, lean or bone mineral content content of the two groups of pigs (P>0.05). A second study consisted of 12 pairs of pigs from 8 litters that were selected on the basis of having the same birth weight, but one pig out gaining the other by at least 50 g/day. At 21 days of age the selected pigs were scanned by DXA. For both groups combined, the correlation (r) between body weight and lean mass was 0.99, between body weight and fat mass it was 0.87, and between body weight at birth and body weight at weaning it was 0.56. The results of these studies revealed that, at weaning, the fastest and slowest growing pigs had similar proportions of fat, lean and bone mineral and, consistent with previous results, the rates of both fat and lean deposition were highly correlated (P<0.001) with total body growth rate.
Introduction
The neonatal growth period of the pig, from birth to weaning, is a critical phase in pork production. Genetic selection for larger litter size has also resulted in a reduction in mean piglet birth weight, increased within-litter variation in birth weight and a rise in the proportion of low birth weight piglets (<1.0 kg) within these large litters (Milligan et al. 2002 , Quiniou et al. 2002 . Birth weight in pigs has been linked to differences in both growth rate and body composition. The survival of low birth weight pigs in particular may depend on energy stores in the body (Girard 1981) . Based on chemical analysis of the whole body at birth, Rehfeldt & Kuhn (2006) reported that low birth weight pigs have less fat and protein and more water than their littermates. Low birth weight pigs exhibit a 15 % to 30 % lower growth rate (compared to medium and high birth weight pigs) in the first month of postnatal life (Campbell & Dunkin 1982 , Wolter et al. 2002 , Poore & Fowden 2004 , Gondret et al. 2005 , Škorjanc et al. 2007 . The growth and composition of the neonatal pig is also of interest because of potential impact on subsequent growth and composition (Young & Sharma 1973 , Mahan & Lepine 1991 . Studies have found that factors such as birth weight (Powell & Aberle 1980 , Poore & Fowden 2004 and nutrition during the neonatal period (Pond et al. 1965 , Campbell & Dunkin 1983 can affect both growth and composition during the post weaning period. Increasingly, the low birth weight pig is also of interest as a model in studies of intrauterine growth retardation (IUGR) and the implications regarding human health and obesity (Vuguin 2007 , Morise et al. 2009 , Morise et al. 2011 .
Only a few studies have measured the changes in body composition of the pig during the suckling period (Manners & McCrea 1963 , Campbell & Dunkin 1983 , Noblet & Etienne 1987 , Dunshea et al. 2003 . In a previous study that evaluated the growth and body composition of entire litters during the period of growth from birth to 4 kg, the rates of both fat and lean deposition were linear and highly correlated with total body growth, however all three (fat, lean, and total body growth) were found to have a low correlation with birth weight (Mitchell et al. 2012) . In addition to the low birth weight pigs, frequently within a litter there are other pigs that grow at a rate well below the average during the period between birth and weaning. The purpose of the present study was to examine differences in body composition of faster and slower growing pigs, in particular, contrasting the largest and smallest pigs of the litter at weaning and also pigs of the same birth weight but exhibiting differences in growth rate.
Methods
The pigs used in this study were from 37 litters (of 29 sows) of a Large White × Poland China × Landrace cross. At weaning (27±2.6 days) the entire litter was weighed and the largest and smallest pigs from each litter were selected for body composition measurement. The litter size at weaning ranged from 6 to 16 (average±SD=9.6±2.3). Runt (IUGR=intrauterine growth retarded) piglets were excluded from the study. Although not paired by sex, each group consisted of 22 females and 15 males (entire). Body composition was measured by dual energy X-ray absorptiometry (DXA) scanning which measures total body fat, lean and bone mineral content plus bone mineral density. In order to perform the DXA scan the pigs were sedated using an intramuscular injection of 5.0 mg ketamine, 0.80 mg tiletamine, 0.80 mg zolazepam and 3.33 mg xylazine per kg body weight. The scanning was performed using a DXA (GE Lunar Prodigy, GE Healthcare, Little Chalfont, UK) operating in the Small Animal Mode (ver. 8.10). The DXA reported fat and lean contents were corrected based on previous calibration studies using similar sized pigs and the scan procedures (Kovner et al. 2010 , Mitchell et al. 2012 . The correction factor applied to the DXA fat measurement was as follows: %Fat = 0.9608 + (0.7135 × DXA Fat %). The DXA lean measurement was then adjusted for the difference in the observed and calculated fat measurements. Total body protein was predicted by the following equation: grams of protein=0.188 × DXA lean (Mitchell et al. 1998) . By estimating the fat and lean content of the pigs at birth using a modified function from the quantitative magnetic resonance data of Mitchell et al. (2012): fat%=−3.4 + 7.34449 × birth weight − (0.679082 × [birth weight²]) ; lean%=100%−fat%−3%
(1) the fat and lean tissue accretion rates were calculated for each group of pigs individually.
A second study consisted of 12 pairs of pigs from 8 litters. These pigs were selected on the basis of having the same birth weight, but one pig out gaining the other by at least 50 g/day, thus being substantially (>10 %) larger than the other at 21 days of age. At 21 days of age the selected pigs were scanned by DXA as described above. Experimental animal protocols used in this study were approved by the Beltsville Area Institutional Animal Care and Use Committee. The SAS software package v9.3 (SAS Institute Inc., Cary, NC, USA) provided the tool for data analysis using a mixed model procedure with the following structure for the variables of trial 1:
where y ijk is the observation, μ is the expected value of y ijk , LG i is the Litter Group (i=1, 2), G j is the gender (j=1, 2), ßW ijk is the number of weaned piglets as covariate, l ijk is the litter as random effect and e ijk is the residual error. REML (restricted maximum likelihood) was used as estimation method and Satterthwaite as degrees of freedom method followed by the t-Test procedure. A similar model served for the variance analysis of the variables in trial 2, though the number of weaned piglets was not included as covariate anymore. Due to the pair-wise structure, the results were affected equally for both groups.
Correlation coefficients were calculated as the Pearson product moment correlations for pairs of variables. P-values of <0.05 were considered statistically significant.
Results
At weaning, the largest pig from each litter outweighed the smallest pig from the same litter by an average of 3.15 kg ( Table 1 ). The smallest pigs also weighed less at birth, although the percentage difference at birth (−19.7 %) was less than the difference at weaning (−35.5 %). The greater percentage difference at weaning was the result of a 39 % lesser growth rate between birth and weaning by the smallest pig. Table 1 also shows a comparison of the DXA measurements of body composition of the largest and smallest pigs of each litter. Consistent with the difference in body weight, at weaning the lean mass and bone mineral content were 34.3 % and 33.7 % less in the smallest pigs compared to the largest pigs. However, the lightest pigs had 44.8 % less fat than the heaviest pigs. When the fat and lean content were expressed as a percentage of the total body, the lightest pigs had 18.7 % less fat and 2.7 % more lean compared to the heaviest pigs. By estimating the fat and lean content of the pigs at birth (using the modified function of Mitchell et al. 2012 ) the fat and lean tissue accretion rates were calculated for each group of pigs. From birth to weaning, the lightest pigs had a 45.7 % lower fat accretion rate and a 37.6 % lower lean accretion rate as reflected by similar differences in the fat and lean content at weaning. The amounts of both total weight gain and protein gain relative to fat gain was considerably higher in the smallest pigs compared to the heaviest pigs (105.3 % and 125.4 % respectively). The relationships between the rate of total body growth and the rates of fat and lean growth are shown in Figure 1 . Difference, smallest compared to largest pig.
Figure 1
The relationship between the rates of fat or lean gain and the rate of total body weight gain, comparing the largest and smallest pigs of each litter at weaning.
The correlation between growth and composition parameters for the largest and smallest littermates is shown in Table 2 . Weaning weight was more highly correlated with the growth and body composition parameters than was birth weight. There was not a significant correlation (P>0.05) between birth weight and the percentage of total body fat or lean at the time of weaning and between birth weight and tissue weight gains. Total body lean percentage was negatively correlated with all other parameters. The DXA measure of bone mineral content was highly correlated (r≥0.79) with weaning weight, lean mass and bone mineral density. Pair-wise comparisons of measurements of pigs from same litter with similar birth weights but different body weights at 21 days of age are shown in Table 3 . Despite having the same birth weight, at 21 days of age the one set of littermates out weighed the others by an average of 2.8 kg. This difference in weight was due to a 30.3 % difference in growth rate. DXA measurements revealed that the slower growing pigs had 40.0 % less fat and 19.4 % less lean. When the fat and lean content were expressed as a percentage of the total body, the slower growing pigs had 26.3 % less fat and 4.2 % more lean compared to the faster growing pigs. From birth to 21 days of age, the slower growing pigs had a 44.7 % lower fat accretion rate and a 26.0 % lower lean accretion rate. As with the first study, the amounts of both total weight gain and protein gain relative to fat gain was higher in the slower growing (smaller pigs) compared to the faster growing (heavier pigs).
For both groups combined (n=100, data not shown), the correlation (r) between body weight and lean mass was 0.99, between body weight and fat mass it was 0.87, and between body weight at birth and body weight at weaning it was 0.56. 
Discussion
Even though the pigs in the first study were not selected on the basis of birth weight, the selection of the largest and smallest pigs at weaning resulted in the retrospective selection of two groups of pigs with a significant difference in birth weight. This is in agreement with the report by Quiniou et al. (2002) that the individual body weight of pigs at weaning was highly correlated with birth weight. The same study also indicated that small birth weight piglets (<1.0 kg) were, to some extent, able to catch up in growth with larger pigs during the suckling period and that proportionally to birth weight, lighter piglets had higher relative weight gain (gain/birth weight). However, in the present study, because pigs were essentially selected on the basis of differences in growth rate, the heavier pigs also had a higher relative weight gain compared to the lighter pigs (5.48 vs. 4.41, P<0.001) .
In the first study reported here, the 268 g/day growth rate observed for the heaviest pigs is consistent with the 250 to 270 g/day reported for modern genotypes (King et al. 1999) . In the second study, the growth rate for the faster growing pigs was somewhat lower (231 g/ day), however those pigs were only measured up to 21 days of age compared to 27±2.6 days in the first study. In both studies the growth rate of the slower growing pigs (164 and 161 g/ day) was considerably less than the rate reported by King et al. (1999) .
The measurements of body composition in the two studies reported here were consistent in terms of the differences in fat and lean content when comparing faster to slower growing pigs. The differences in absolute quantities of fat and lean were somewhat greater in the first study where the largest pig was compared to the smallest pig as opposed to the second study where pigs of similar birth weight were contrasted based on differences in growth rate to three weeks of age. However the differences in the rates of fat gain were nearly identical for the two studies as was the rate of lean gain for the slower growing pigs. The rates of fat and lean gain for the largest/faster growing pigs in the first and second studies were 35 and 38 g/day and 229 and 200 g/day respectively. In comparison, also using dual energy X-ray absorptiometry (DXA) Dunshea et al. (2003) measured a fat deposition rate of 52.7 g/d and a lean deposition rate of 211 g/day for pigs with a growth rate of 258 g/d between one and 21 days of age.
In agreement with an earlier study using quantitative magnetic resonance to measure changes in body composition of piglets between birth and 4 kg (Mitchell et al. 2012) , the correlation (r) between the rates of fat and lean deposition in the first study was 0.64 for the largest piglets and 0.87 for the smallest piglets (P<0.001). In the first and second studies reported here (see Tables 1 and 3 ), the ratio of total body growth rate to the rate of fat deposition was 7.4 and 6.3 (respectively) for the faster growing pigs and 15.2 and 9.1 (respectively) for the slower growing pigs. In comparison, a ratio of 5.6 was reported by Mitchell et al. (2012) and a ratio of 6.9 was reported by Noblet & Etienne (1987) . The relationship between the rate of total body growth and the rate of fat growth is better illustrated in Figure 1 . From this figure it appears that the overall relationship between the rate of total body growth and the rate of fat growth was similar for the slower and faster growing pigs. However, with the slower growing pigs, as the total body growth rate dropped to around 100 g/day; the rate of fat deposition approached zero, thus resulting in an increasingly higher ratio. For example, nine pigs from the slow growing group had a growth rate of <120 g/day and an average of 33 for the ratio of total body growth rate to the rate of fat deposition. The same figure also shows that the overall relationship between the rate of total body growth and the rate of lean growth was similar for the slower and faster growing pigs; however, in this case as the rate of body growth dropped below 100 g/day, lean growth continued.
In the two studies reported here, the ratio of protein gain (estimated) to lipid gain was 1.18 and 1.02 (respectively) for the faster growing pigs and 2.66 and 1.56 (respectively) for the slower growing pigs. Again in comparison, a ratio of 0.93 was reported by Mitchell et al. (2012) and a ratio of 1.06 was reported by Noblet & Etienne (1987) . This ratio is influenced by the energy content of the diet (Campbell & Dunkin 1983) . In the study by Campell & Dunkin (1983) for pigs growing from 1.8 to 6.5 kg while receiving adequate protein, as the energy intake increased there was a curvilinear increase in fat deposition -resulting in a curvilinear decrease in the ratio of protein gain to lipid gain, dropping from 3.31 to 0.90.
In conclusion, results of this study revealed that, at weaning, the fastest and slowest growing pigs had different proportions of fat, lean, and bone mineral with a higher fat proportion for the fastest growing pigs. Consistent with previous results, the rates of both fat and lean deposition were highly correlated (P<0.001) with total body growth rate. Thus, during the period between birth and weaning slower growing pigs, regardless of birth weight, deposited proportionally less fat and more lean when compared to their faster growing littermates. Other studies (Rehfeldt et al. 2008 , Bérard et al. 2010 have found that low birth weight pigs tend to have a higher percentage of body fat at slaughter, indicating that these pigs deposit this additional fat between weaning and slaughter.
